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Mental disorders, such as schizophrenia, depression, anxiety,
personality disorders, and substance abuse, remain a leading
source of disability, healthcare expenditure, and personal suffering
in all countries. It is estimated that 1.1 billion people are affected
by mental or substance use disorders worldwide and signiﬁcant
treatment gaps in both high and middle-income countries.1
A critical aspect of mental disorders is that the majority of
mental ill-health occurs during youth, here deﬁned as the period
between 15 and 24 years. Thus, emerging evidence suggests that
the large majority (75%) of mental disorders have their onset
between 15 and 24 years of age.2 Importantly, this is also
accompanied by high degree of access to digital devices in this
age group which could provide a unique opportunity to develop
scalable and accessible digital approaches for mental health. For
example, in this same age group, there is 90% smartphone
prevalence of ownership in high-income countries and over 50%
in low- and middle-income countries with the majority around the
world using social media (https://www.pewresearch.org/global/
2019/02/05/in-emerging-economies-smartphone-adoption-has-
grown-more-quickly-among-younger-generations/).
From a biological and clinical perspective, it is has been
proposed that early detection and intervention for mental health
in youth may hold great promise for improving long-term
outcomes.3 One reason for the absence of signiﬁcant break-
throughs in improving mental health has been the way in which
research and treatments have been framed. Over the last 100
years, a cardinal feature of the existing paradigm in mental health
has been its emphasis on fully established disorders in adulthood.
However, a signiﬁcant paradigm shift has emerged over the last
decade or so aimed at improving mental health, in particular in
young people/youth, stimulated by the early intervention
approach in the psychosis movement.4
This paradigm shift in mental health has signiﬁcant implications
in the way mental disorders are identiﬁed, as well as treatment are
delivered in this age. First, there is a growing recognition that a
profound redesign of services and intervention is required that
reﬂect the speciﬁc needs of service users. Second, novel
approaches are required to facilitate the identiﬁcation of
emerging mental disorders at the sub-syndromal level and risk
factors for later development of fully ﬂedged syndromes that are a
crucial pre-requisite for the early intervention approach. Thus, we
would like to make the case that digital medicine and its resulting
approach and tools may be crucially relevant for youth mental
health in regards to two key aspects: (1) detection of emerging
mental disorders; and (2) providing youth-friendly treatment
approaches that leverage digital approaches, as well as
technologies.
Today’s challenges around youth mental health provide an ideal
opportunity for digital augmentation. Efﬁcient methods for the
detection and early diagnosis are critical—but current health
systems provide signiﬁcant barriers towards the implementation
of early intervention. This is because current models of care and
diagnosis create signiﬁcant obstacles for detecting precursors for
mental ill-health, in particular during youth, as the result of stigma
and continued underfunding of services.5 Rather than force
healthcare system to embrace public health roles, they are often
not equipped to undertake—digital approaches could comple-
ment current mental health systems. For example, digital spaces
for help-seeking youth could provide the ﬁrst entry points for
clinical services and education. In a recent study, we developed a
web-based screening platform for emerging signs of psychosis
that employed a population-wide online-screening approach.6 The
results showed that the website was highly endorsed by
participants and allowed the identiﬁcation of both youth with
at-risk symptoms as well as signs of fully manifested psychosis
with good sensitivity and speciﬁcity. Accordingly, these ﬁndings
highlight the potential of detecting emerging as well as manifest
mental ill-health in youth through digital approaches that
otherwise may not be detected by conventional services. We feel
that the scalability of such screening approaches could constitute
a crucial approach for the detection of emerging psychosis but
also other aspects of mental health outside traditional care-
pathways, such as capturing the personal environmental, social,
and physiological predictors of suicidal ideations to enable more
precise and accurate risk assessment.7 A critical aspect of this
approach, however, is that these digital platforms are linked with
front-line clinical services, as well as are characterized by sufﬁcient
sensitivity and speciﬁcity for predicting clinical status and
outcomes. These objectives remain to be established and will
provide signiﬁcant challenges for digital approaches in youth
mental health.
In addition to connecting youth who are characterized by
emerging and/or fully symptoms of mental ill-health with care,
digital health and tools can also help monitor recovery, provide
early warnings signs of risk or relapse, and offer novel information
on functional outcomes. For example, with digital phenotyping—
the moment-by-moment quantiﬁcation of the individual-level
human phenotype in situ using data from personal digital devices
—it is now possible to capture not only that a young person had
hallucinatory symptoms but also the environment, social context,
and even autonomic response surrounding the experience.8 In
one study, we were able to predict relapse in patients with
psychosis through applying anomaly detection to captured
personal changes in mobility, socialness, and self-reported
symptoms up to 2 weeks before clinical relapse.9 Having a stream
of multimodal, dynamic, longitudinal, and real-time digital
biomarkers will help advance not only understanding the
emergence of symptoms during youth but may also provide
novel therapeutic opportunities.10
Related to monitoring, a second crucial area for digital medicine
as applied to youth mental health is the delivery of interventions.
Despite increased attention towards global mental health, the
large majority of people experiencing mental health problems
continue not to receive adequate care. For example, only one in
ﬁve people from high-income countries and only one in 27 people
from low- and middle-income countries receive minimally
adequate treatment for depression.11 This is particularly the case
for youth who despite the high prevalence of mental disorders
face major difﬁculties in accessing appropriate treatment.12 This is
partly due to the “gap” in care between child and adult mental
health services as well as to a reluctance to seek help, stigma, and
negative attitudes towards professionals.13,14 As a result, less than
one in ﬁve adolescents with disorders of youth onset (anxiety,
substance use disorders) received care.15
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Digital medicine offers several potential avenues of delivering
services and augmenting interventions, including text messaging,
web, smartphone app, and virtual reality. Each technology
presents a unique potential for youth mental health, although
none is a panacea. Text messaging is easily scalable and can work
on nearly any mobile phones today—with youth willing to
engaging around mental health text messages.16 There is a rich
legacy of web-based programs for youth mental health17 and a
stream of new tools using today’s social networking features.18
Computer and video games are also receiving recognition as tools
to improve mental health19 and hold unique potential given their
high rates of engagement. One game is even likely to receive FDA
approval for ADHD,20 suggesting therapeutic video games for
youth mental health are likely to rapidly expand. App-based
technology interventions are nascent, but rapidly evolving. For
example, a 2019 review of smartphone apps targeting child and
adolescent psychiatry found only six studies that met strict
inclusion criteria.21 Reviews of apps for youth mental health
currently available for download on the commercial marketplaces
have also raised concerns about lack of quality and adherence to
evidence-based practices.22 But while today’s apps tools for youth
mental health may have room to improve, a new wave of research
and tools in development harbingers a second generation of
impactful apps.
But regardless of technology modality employed, challenges
around privacy and ethics cannot be ignored. As we are able to
capture more real-time data on youth mental health, and reach
out with real-time/just in time interventions, how do we ensure
care remains safe and youth are able to make informed decisions
about use? For example, today Facebook conducts automatic
suicide screenings and sends police to peoples’ homes, despite no
evidence of the effectiveness or data on risks, and with no easy
way for youth to understand, opt in/out, or consent to this use of
their personal data.23 While it is critical that innovation in youth
mental health not be hampered, rushing too fast and violating the
basic rights of young people is a sure way to ensure digital
medicine will never reach its potential and that youth will refuse
to use it. Creating digital ecosystems of innovation and
transparency represents the new paradigm shift the ﬁeld must
embrace. The need for co-designing this new generation of digital
mental health tools is ﬁnally becoming well recognized and user-
cantered design is quickly becoming the new normal. While the
debate on the impact of screen time on the developing brain and
[youth] mental health remains ongoing and requires further
investigation24—it would be foolish and irresponsible to ignore
the potential of the digital world itself on youth mental health.
Implementation challenges and the merging of digital medicine
and mental health present friction, but with youth mental health
those barriers may be lighter as younger patients come to expect
at least some aspects of technology in their care.
Like a ball rolling downhill with gravity determining exactly
where it will rest, so the future of youth mental health will rest
with digital medicine. The current unmet need combined with
prevalence and potential of digital technologies is the guiding
force, although the actual pathway towards that future is less
clear. A smooth transition with new information about the
developing brain and youth mental health could inform a new
generation of digital interventions, which is used ethically could
advance the ﬁeld in mere years. But the transition could be
bumpier with false starts and ethical challenges. The articles in this
special edition help guide the ﬁeld towards the smoother
transition path and guide the way with novel investigations and
insightful perspectives.
Peter Uhlhaas1,2 and John Torous3*
1Institute of Neuroscience and Psychology, University of Glasgow, 58
Hillhead Street, Glasgow G12 8QB Scotland, UK. 2Charité
Universitätsmedizin, Department of Child and Adolescent Psychiatry,
Berlin, Germany. 3Division of Digital Psychiatry, Beth Israel Deaconess
Medical Center, Harvard Medical School, Boston, MA 02446, USA.
These authors contributed equally: Uhlhaas, Peter, Torous, John.
*email: jtorous@bidmc.harvard.edu
Received: 16 September 2019; Accepted: 1 October 2019;
REFERENCES
1. Saxena, S., Funk, M. & Chisholm, D. World health assembly adopts comprehensive
mental health action plan 2013–2020. Lancet 381, 1970–1971 (2013).
2. Kessler, R. C. et al. Lifetime prevalence and age-of-onset distributions of DSM-IV
disorders in the National Comorbidity Survey Replication. Arch. Gen. Psychiatr. 62,
593–602 (2005).
3. Marshall, M. et al. Association between duration of untreated psychosis and
outcome in cohorts of ﬁrst-episode patients: a systematic review. Arch. Gen.
Psychiatr. 62, 975–983 (2005).
4. McGorry, P.D., Killackey, E. & Yung, A. Early intervention in psychosis: concepts,
evidence and future directions. World Psychiatry. 7, 148–156 (2008).
5. Sharac, J., Mccrone, P., Clement, S. & Thornicroft, G. The economic impact of
mental health stigma and discrimination: a systematic review. Epidemiol. Psy-
chiatr. Sci. 19, 223–232 (2010).
6. McDonald, M. et al. Using online screening in the general population to detect
participants at clinical high-risk for psychosis. Schizophrenia Bull. 45, 600–609
(2018).
7. Torous, J. et al. Smartphones, sensors, and machine learning to advance real-time
prediction and interventions for suicide prevention: a review of current progress
and next steps. Curr. Psychiatr. Rep. 20, 51 (2018).
8. Huckvale, K., Venkatesh, S. & Christensen, H. Toward clinical digital phenotyping:
a timely opportunity to consider purpose, quality, and safety. npj Digital Med. 2,
1–1 (2019).
9. Barnett, I. et al. Relapse prediction in schizophrenia through digital phenotyping:
a pilot study. Neuropsychopharmacology 43, 1660 (2018).
10. Roberts, L. W., Chan, S. & Torous, J. New tests, new tools: mobile and connected
technologies in advancing psychiatric diagnosis. NPJ Digital Med. 1, 20176 (2018).
11. Group, L. G. Scale up services for mental disorders: a call for action. Lancet 370,
1241–1252 (2007).
12. Singh, S. P. Transition of care from child to adult mental health services: the great
divide. Curr. Opin. Psychiatr. 22, 386–390 (2009).
13. McGorry, P. D., Killackey, E. & Yung, A. R. Early intervention in psychotic disorders:
detection and treatment of the ﬁrst episode and the critical early stages. Med. J.
Aust. 187, S8–S10 (2007).
14. Rickwood, D. J., Deane, F. P. & Wilson, C. J. When and how do young people seek
professional help for mental health problems? Med. J. Aust. 187, S35–S39 (2007).
15. Merikangas, K. R. et al. Service utilization for lifetime mental disorders in US
adolescents: results of the National Comorbidity Survey–Adolescent Supplement
(NCS-A). J. Am. Acad. Child Adolesc. Psychiatr. 50, 32–45 (2011).
16. Arps, E. R., Friesen, M. D. & Overall, N. C. Promoting youth mental health via text‐
messages: a new zealand feasibility study. Appl. Psychol.: Health Well‐Being 10,
457–480 (2018).
17. Clarke, A. M., Kuosmanen, T. & Barry, M. M. A systematic review of online youth
mental health promotion and prevention interventions. J. Youth Adolescence 44,
90–113 (2015).
18. Rice, S. et al. Implementation of the enhanced moderated online social therapy
(MOST+) model within a national youth e-mental health service (eheadspace):
protocol for a single group pilot study for help-seeking young people. JMIR Res.
Protoc. 7, e48 (2018).
19. van der Meulen, H., McCashin, D., O’Reilly, G. & Coyle, D. Using computer games
to support mental health interventions: naturalistic deployment study. JMIR Ment.
Health 6, e12430 (2019).
20. Yerys, B. E. et al. Brief report: pilot study of a novel interactive digital treatment to
improve cognitive control in children with autism spectrum disorder and co-
occurring ADHD symptoms. J. Autism Dev. Disord. 49, 1727–1737 (2019).
21. Punukollu, M. & Marques, M. Use of mobile apps and technologies in child and
adolescent mental health: a systematic review. Evidence-based Mental Health;
ebmental-2019-300093 (published online, 29 July 2019).
2
npj Digital Medicine (2019)   104 Scripps Research Translational Institute
1
2
3
4
5
6
7
8
9
0
()
:,;
22. Bry, L. J., Chou, T., Miguel, E. & Comer J. S. Consumer smartphone apps marketed
for child and adolescent anxiety: a systematic review and content analysis. Behav.
Ther. 49, 249–261 (2017).
23. Barnett, I. & Torous, J. Ethics, transparency, and public health at the intersection
of innovation and Facebook’s suicide prevention efforts. Ann. Intern. Med. 170,
565–566 (2019).
24. Firth, J. et al. The “online brain”: how the Internet may be changing our cognition.
World Psychiatr. 18, 119–129 (2019).
COMPETING INTERESTS
J.T. has received research funding from Otsuka for unrelated work. P.J.U. has received
research funding from Lundbeck for unrelated work.
ADDITIONAL INFORMATION
Correspondence and requests for materials should be addressed to J.T.
Reprints and permission information is available at http://www.nature.com/
reprints
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional afﬁliations.
Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.
© The Author(s) 2019
3
Scripps Research Translational Institute npj Digital Medicine (2019)   104 
